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(57) Abstract: 



PURPOSE: A light emission device of nitride senniconductor is 
provided to prevent carriers from overflowing in an active region by 
using a multiple quantum barrier or an electron cutoff layer. 
CONSTITUTION: Active layers(5, 6) are made of a compound 
semiconductor of gallium nitride. A plurality of multiple quantum 
barriers(7, 8) are formed on the upper side of the active layer(5, 6) "™ 
or formed on the lower side of the active layer, so that the energy 
band having the plurality of multiple quantum barriers(7, 8) is 
obtained. A light wave guide layer(9) of gallium nitride is formed on 
the active layer(7, 3) or the upper side and the lower side of the 
multiple quantum barriers{7, 8). The active layer(7, 8) is formed as 
the structure of a multiple quantum well. 
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^ GaN-i- ^l^^ ^S.^ *^4i4i>H ®^ 711 51 (carrier) ^^°11 ^^H 7ll2l<^ -2-^1 (car 

rier overflow) ^ iS5ll°J* #<5l7l ^Wl^l"^ aJ-S^fl «i^^4°ll 7flAlE)ol 0^4 ^ w^Vt^^ AlGa 

N/GaNSl ^^o] 4^31 4^ of;^]. ^o. AlGaN/InGaN^I ^^^l ^^sl i^E]l<?1 4^ °j=4 



1 - 



^71145] ^2001 -0077971 



^J-^ (Strain - compensating multiple quantum barrier) # ^ ^1"^ * ■^d^€ <=Hi^ T^-Bl^fe 

E 4 

E 2fe E 1^1 «VE^ ^^4i:^>fi] (electron blocking barrier)* M-Bfifl^ <^M^1 

£3^^^t|o^ ^l^^l'fli ^t!:?1|e|<^ r^SEll^l AUGa,.^ N/GaN <3=^> ^J- 

^ ^-SrAlxGai.^ N/InyGai.y N ri:E5|]oi a. ^l- trff'^M (Strain - Compensating Multiple Quantum Barri 

E 5^ ^ ^^^^ ^12 sltb ^M<^ iS5ll"?l Al xGai.^ N/GaN t^f' "3=^> ^J" 

^ Al^Ga,.^ N/InyGa,.y N iSs^l^l iL'* "Jf^V ^J"^* 7]-^ "J:^^ ^^^ii^V^I ^^Eoj^. 

c 70. ^ M^vi^o] ;qi3 ^Ajciloll o]*^ ?l]elol ^«f-s.-f2} :iS2^i<y 7j-^ ^cj-^^^ _ Al.Gai., N/GaN 4^ "a^:^} ^J- 
^ Al^Gai.^ N/InyGai.y N ^HiHl^l M.^ <a=;^> ^J"^* 71-^ ^^dt^^l ^i'SE^l^. 

£ 9^ i 3°11 E^ltt SlrE^l «i^i^>7> Al^Gai.^ N/InyGai.y N iSell?! ^^^l- ^J"^^ ^^1" 

E (electron reflectivity) l- M'El-'fi = o] c]-. 

°J 7^^-41 LI M-Bl-'a nafl^^ltl-. 

E ll-S: ^ ^'^Sl ;^14 ^AHHl si SI ^£^1 ^^:Si7;>sl ^^Eoltrf. 
E 12^ E IHI EAl^ uvs.^ ^^4i;^>Sl oflx-i^^l t^o]o]:i^c]t^. 

E la-S: ^ ^^^1 ■^%c^]o\] A}^^^ ;^li eflol;^-! rfol^H^oH^i ^^tt eH^l^-l 4«'1^:£^ #^1: ^tflEolc}, 

E 14^ ^^^^1 ^^(^dl] X[-%-^ Till iflT^l ;*113 Sllol^ 4<^li2.H.SSl ^0!=. ^^^t =l4^<^M. 

E 15 ifl^l E 17^ ^ ^^-^lofl A>^t!: ;i)li iflxl ;^113 eflol;^-] t:^o]^^^o^ %3.S. ^^«- 144^ ziEflS 
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LlrixGai.x 2:InyGai.y 

3: (electron blocking barrier) %■ (Al ^Ga, . ^ N) 
4, 9:^5. 4* 5:In^Gai.^ Nf^(^^ InGaNf^ GaN#) 
6:InyGai.y N^C^-S- GaN# AlGaNf^) 
7:AlGaNf^ 8:GaNf^ InGaNf^ 
40:7]^ 42:nS 

44:n^ l-2flH# 46:n^ S.^* 

52:p^ £4f^ 54:p^ ^^1- ^S^f- 

M:5ll<^l^i-i: ^tt 

^ ^^^^ *^4i^H ^^S.^. GaN* ^11 ■§-*!: ^^^H ^^^^M^ ^^r ?1| el <H (carrier) ^ 

•yofl 21§H ?llB]o1 (carrier overflow)* «1^S>^'H (strain)* ^ 

t:\-a] ^^<>\] ^tt ^t^li^. 

£ 1* tasl-^a, ?11<^]^i ^ ^4- InyGai.y N/Iny 

Ga,.y N#(l, 2)-^S. fl^o]^ "y^^t- -fl-(Multi- Quantum Well, ^-l*]- MQW°lel- ^^n)^3iS\ #^^#(1, 2) 
^ *^^*(1, 2) ^J-i ^:^>2^ o.^ a^f^^ p-Al^Gai.;, N ?ll&|o1 :*1-^1:^^(3) ^ p. n-GaN ^£.4*(4)^S 

£ 2fe x\o\6\^^^^x\^ ^% ^SSl 7l|e]ol7l- fflejo^ oijui;^! 

oje^^ -^m^l tiJlH. ^^^J] 4^15-^4 ^ B>£^fl ^^:di44 «J:Ha1 ^^o^o]: ^ ^^oln^_ 

^^-^ 511 ^l^i cfC'l-S-S-^ # ^4 t^il-^ll'^l (Full color display) 4 DVD ^-91 7]^ d11^11# ^^«>^ 

^, 7l|A] ^^ollAi =-45>Jl ^£ SAj^ 7>^1^ ^^5]-7] ^1*11^^^ l]]«.2^ ^fl. 

^<y^, ^S^-^l Si^^-^lJi ^-H f-4«>^ ?I|e]<H^ ^1- ^J-^i^l?]^ 1^71- 

024. °aiLH-^S. ola^s]: ?i]elal ^B^fts-f-f- ^^l -^l^H £ Hi «l-4 JlA^^^^ ^ 

4 (electron blocking layer, 3)-i- ^"^sV^ 71^0] Aj-g-E) ji $^4. 



GaN ^V^^fll- 7l^o_^ *H ^1451^ GaN GaN4 ^4^^t7> "a^lSl-fe 71*0] ^7S\^7\ ^ 

7] iqj^oll 1^ MOCVD^^ GaN, InGaN, AlGaN ^^S] f-^ (quality) ^1 ^7] ^§1-4. o]^ 
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^ InGaNS] % o]^2] 7V^s. y}^^^. ^e^^] t^}§l-7l ^sfl^i^ i^fl-f tSJ ^ 

^, ^ nll^ ?llel<^l: ^^sMl ^Cf. ti^o], ^ojo] 5)^. ^"^> oj-L^e}, ^J-^^S 

1- 7fl^§>7l ^s}a^, £ HI £Al^ Hl-s]. ^o], 200A §3V^ AlGaN -^-^^^^ ne]o] :^}^(carrier 

blocking) -a-'y^l-fe ^S7> Nichia ^ ^f-°11^i ^}^^^ 9X^. AlGaN ^-af^^] ^<a^ ^J-^ 

Ol^o] oflu|^l# ?-^^<^^^ TlSl ^ <^U|;^1# 7M^ ?11el<^# (blocking) *l-7l 

^sll-^i^ Al^ t^(niole fraction) €- AIGaNf^* >^}-S-S><5^ ^-^4, ^^H^t^7> GaNf^4^ 

^7}^9l iSeliy (additional strain) # ^^S^]^ ^IS^l a^(crack)* ^^S^l?!^ ^^^-l ^4. ^tt, ?11 
el'H (carrier blocking) ^^fl^ife S^o] l^^j^lcil ■k^^nl^(Al)^ ^^o] ^ AlGaN* i 



^ «s^^<^l '^If-^^l- ^fe 71^2] 4^1-^ ^^712]- f^^^ ^^l^i: 7ll^S>7l ^^S^, *^^*i ^<a£|^ 

^7> ^j-^ (barrier)* '^'>1 JL^I-^^^^ (blocking) iHeH-?! ^^^S* 5)i,Sl-5fe sV^ 

a. ^i|ol ol^i;^!- 5}^ ^^7]^^ 4^1^ ^^7> ^j-^ (barrier)* ^BlS^-f Slfe S.^^-^^ ^^(bl 
ocking)§>'S'^i iSi^l^l ^^S* ^4i§>al 71^ «<^m>^i S:^*^ 1^* ig-^l^H ^=3* 

Aj-7l 7l#^ 4^1* ^^c3S]-7l ^5:>o^, ^ o< x< 1 <>l£} -t ^. Gam] W# t'^^*; ^ ^7] 

*^d#4 AlxGal -XN^^^Ga Nts) 2^ -^l^ ^4 "HM^l «JiH7l- 

4^ °<f^> ^J-^ ^J-71 ^ b:>^ f- ^ol£ <H:^ o^^ofl ^^^4^ <5f^l- ^J-^#l:* 

z^GaN^£4*<^l 4 ^v]^o] 01^7x^-71 *^^f^^InxGal-XN#4i„yGal-yNtsl^^ , InxGal -xn#4ai yG 
al - yN , InxGal - x n '^4in yAlzGai - y. zNf.«q , InxAsyGa i - x. yNf.4 !„ zGal - 5J 

InxAsyGai -x. yN^4Ai yGal -yN*^ :a# * "3=^1- -f# ^^S. ^ 

^J''! H>^2!*l-4. 0^x< lOlJl, 0^y< 10]^. 0^z< l^lJl, x+y< l<^]'<^,y+z< 1<^14. 

a, ^7l ^J-^ ^ Sl-Y^ 4^ °M -fl- ^7l Al.Gai.^ Nf-^- GaN%-^ ^#*44 ^7] Al^Gai.^ N#l: 

GaNtirS] ^^I- 4^711 t}c^ 4^ <y=>^V ^J-^l-sl i4^1 §^1- 4^711 ^^d*>7l4, ^^71 

Al.Gai.^ N%-^s] Al t^* 4^.711 SH ^^^^Ife 4^ "3=^} ^J"^!:^ °)14^1 4^7)1 ^^jli ^5. 4t2l*> 

4. 

EE, 0< x< lol4 0< y< 1^14 * nfl, ^^7] 4^ ^J-^f^^: AlxGal -xNf^4 InyCa 1 -yNf^^ ^f^^ .4 
o]^ 2S\ o]^ aV4 ^f^^}<^ oflu-lxl BflH7]- 4^71151 cff^ <g:xi- ^j-^ ^is. ^^^^ ^£ 4t2l^}4. ^-f , 

4f' <a=7^1- ^7] AlxGal -xN#4 InyGa 1 -yNf'^ 4 ^7] AlxGal -xN** ^^i„ yGal - 

yNf^ft^ ^^1* 4^711 4* <g:4 ^J-^#21 0)1^x1 §^1- 43711 ^^jS}7l4, ^^r ^J-71 AlxGal - X 

Nf^^s, A,^ 4^711 t}<^ ^^^sife 4f^ <»)14^1 4^711 ^^jt!r4. 

tV^, 4= 71^:51 ji^^s. ^A^t}7] ^§M, ^ t^^f^-i: i:fl*j=Sl-^ 5ll ^1 * ^ p^ ^ # 

f^^Hl^i #5flHf^-i: ;^17-1^>^ tfl^ n^ #2flHf^2^ ifflS ^1: f^Bfli wlsfl ^^fl §l-ji, ^V7l 

«-^^# 4<^1°11 71151^ ?l|H^ol ^1-^ Jl^^ ^oJ o.^ sVisll «i^d!i4 

* ^1^11:4. 
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«-S>fe Sljol^* ^Itb 1-^*; ^^-^l ^Hl ^a]^ ^Hs^o^ ^J-^f^, £s)-f^ ^ 51-^1- 

9X^. a«V, ^>7l «:lf^^: ^y] #2eHf^4 ^^-71 £2^*4 ^1-71 -tsflHf^^ 

7] 7l^ Alojoil ^Hl^ «J:£^1#* l-^^^-fr "^^ ^«-(MQW) ^2:* III- 



^ ^^-g: GaN^ ^11-§-t!: «^^i^H1^1 ^S. 4^ ^1" T^^^ ^-^^^l^ 7Hel<>11- f'S^t^ 

SM| Wa^AS«>fe -2-Bl-f S^l- ^^l«}7l ^t!- i 3 ifl^l i 8"^ S,^^ 4^ ^<^1, ^f' ^J-^ (mu 

Itiple quantum barrier; MQB)* i}^ ^ ^c>]z o]^ <a^oil ^A^tb ^^i o.^ *Vcf. ^, £ 

3011 44 :t<^l, 4^ ^d-^f^l:(7,8)^ tt^Jf^CS, 6) ^^^^W^, £ 5i S^,]^ 44 :tc.l, 4^ 

<a=4 ^^^#l-(7.8)* *^^#(5, 6) S]-^i°J: ^^^sV7l4, :£ 7°11 £^1^1 44 ^'^l. ^f' "^^4 ^^#l-(7,8)-ir 
f-CS, 6) 'S^'^ll ^^t!:4. £ 4, £ 6 ^ :£ 8^ 42^- i 3. £ 5 ^ :£ 73] -a4i^ iM^l «JiH 4'^1<H^^ 

<^14.' 



< ^11 ^ ^12^>^1'^> 

£ 3 ?J £ 5* tS^'S, ^ ^-^i 4^ 4^- °M ^j-^* Sfe ^^^4^ GaN;^l ^ti- ^^j^ ^ 

"a KGa,.^ N#4lnyGa,.y N#sl In.Gai.^ N#4AlyGai.y ^f^. In^Gai. 

,Nf^4lnyAl,Gai.y., Nt^ ^ In, Asy Ga; .,.y N#4 In.Gai N^^l ^ In^ Asy Ga, .,.y N#4 A 
lyGai.y ms] ^U^i ^ ^ ol4V^f.£|ol 4^<a:4^#^^S.^A^€«:^J#(5, 6)4^Hl*V 

4. oli, 0^x< 1<^131, 0^y< 1^]^. 0^z< 1<^1j1, x-i-y< l^jn^, y+z< 1<^14. ^21^1 %'^i%-{5. 6)i =9" 
^ o]^S] oflu);^!!- 7M^ mo]o\ ^^s.^.^^ 4?!: (blocking) 4fe 4^f^* ^-^^^-^ 4^, sl4* ^ifl^ 
g].^ jg-Alofl 4^f^i 51®}: iS5fl<?l5^ <^«^-ir 3|:i^47] fl4<^, 4?3:f'-5-S AlxGal -xNf'4 GaNf'^ 
AlxGal -xN#4 InyGa 1 -yN*^ 0<, < 1. 0< y^ 1)* ^-^^ o]^ hJ:4 ^%t}c^ c^^x] «JiH4 

^^7^S] 4^ 'y:4 ^2:1- ^-^ T^lt! 4^- '9=4 (Strain - compensating MQB)#(7, 8)* flr-^jf- 
(5. 6) ^til§l-7l4(^l ^4i), 4^*(5. 6) t}^<^ ^Hl(^2 ^Alo)l)t!:4. 

< ^13 'a4'^> 

£ 7011 iAl*V 44 7^0], A^v« ^ 4«-o] i^eiioi oj:^]. 0.0 ^(7^ g)^! Ai ,Gai.^ N#(7) ^ 

GaN*(8)Sl ^f^l-S. ^Aj5lfe ^g^ofl^ oil- ^^1: 44 Al.Gai., Nf^(7)l- GaN# (8)1-31 ^^-t 4^711 

^^«H 4f^ "3=4 i4^1 S'^l* 4^711 ^^^4714. Ai^Gai.^ N#(7)l- 44 Ai 4s 

7]1 40^ 4 % P>4 oflui4 S'^* 4^711 «:4. 

^1-^ ^ 4-^^ il^ 4f^ <9=4 ^J-^#<^1 Al.Ga,.^ N*4 InyGai.y ^<^£ 2*1 

ol^i- 21^^40^ ^Aj5]^ ^-f iSell^ a.^^ 4^- 44 ^J-^*^r ^#1:44 Al^Gai., InyGa 

,.y N*lr3l ^Tlll- 4=-7fl 4<^ 4^ 44 ^^^1:^ °im4 §4* 4^711 4714. ^*-i:44 AUGai., Nf^ 
1:31 AI ^^i: 4S711 sl-^ 4f^ 44 oim^l S^l- 4^7(1 ^4. 

014 ^^'^'l ^^^S i^eiioj ji^v 4^ o^;,i. :g^(7^ 8)^1 4^ 44 -^1- ^S(5, 6)51 «:>af^o]] ^oj^ ^DeloH- 

4^ (carrier blocking) 4^ 4w4 ^4. 
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ffle^o^o] 4^21 A^^ofl ^^7\ ^j-^ ^fl^5l OJ:^]. 0.^0]] ^^£1^ oj:;^!. Jr^l.^] fi] °d ^ ^ ^ ?1) <>1 

^cJ-^ (carrier blocking) ^.c]- ?llslc>1 

£ 9^ AlGaN ?ll2]<=>1 y^}"^ ^j-^(10)4 Al ,Gai.^ N/GaN "^A ^J"^ (11)4 Al xGaj., N/InyGa 

,.y N 4^ oj;^]. Q2)i ^flel'H ^^Vi (carrier reflectivity)* ^1^* rLEll = <:>14. 

£ 91- %^2:*>^, 4? ^^^s] o^^> ^^1 °)144 §4 4<^H1 4?b °114^1 ^""^^^ 

o\$] <a^J-oilxi^ ufl^ ^o]-^ ^ o;t4. s§i Al.Ga,., N/IiiyGai.y N iS?!!"?] Ji^c)- °<J4 ^J"^^ ^-f , 

4 fe^ iM^l^l 7fleltH^^l-:^l HVAV^o] ^o} Jl4^^ iM4 ^J-^^S 4-g-« t SI4. ^i^o], A1 ^Gaj.^ N/In 
yGa,.y N iS^"?! 4^ ^J-^^ ^-f AlGaN^^l GaN4 ^l^J" iB5ll^(tenslle strain)* 7MaL, ^tfl 
a InGaN^ GaN4 "d"^ 5ll <?] (compressive strain)* 71-4 4S. iHSll'?! (strain compensating) <5l 

^^^H ae!(crack)ol $7ii5>4 ^o.^4£ -¥-4^ f^si <a:4 ^^^^^m ^ si'H s4^<^14. 
^^^4 44 ^ 4^ 4£^fl «s^^^4fe t^^#°ll4 wn-Ajf^^s^i ^ns^oi ^alta-fl: ^^1471 

tt^^f' 4*i AlGaN/GaN AlGaN/InGaN ^^^A^S. ^^^j-4?l 4f^ 44 ^J"^ ^^4. 

4t °M ^j-^^ ^4 ^Sj4fe S^J4^ ^Blts^-t '^1^14^ 3i4fe -f 

•at!- ^cl7i| ^£<^14 f^Eflfil 4^(eIectron blocking)f^* ^"^tb ■=p-S4 ^ ^^^'^14 ^144 Al ^Gai.^ N/Ga 

N 4^ 'a=4 ^J-^* ^ll-§-* ^^4 A^]^ ^ ^ 514. 



£ 10-8: ^fil ^ 444Si4. ^2fl^ ^s^4^ LI ^2fl5.(i3)i4 «s^4 /fl^l 4^^ 55 

OmA^£<^lJl, ^ 4^'^1 44 ^144 51101;^^ z^^6\\a]9] lI nEfl5.(14)i4 t4 7))A] 270mA ^£21 

^o.s. ^sj 4it4^^* «: ^ S14. 4-g-4 Am4 *4^> l-^f- ^S* 7MS.S ?lleloiofl sj^v ^ 
^44431 7>^t ^ t4 711^1 ^d42l 44ife ^4tb 4f- ^"^4, 3l*^4 7fl2l4 iLall-s.-f7> 7>^sH 

#7ll4fe ?l|e|4 T^7> ^<^1^<^1 ^^71-^!: 44«:4. 



< ;^14 -a4<^> 

4^^ 44 4^^- ^4 t^l* 1^4^ ^ Sife 11*^4 44 44 4^** ^44:ii ^ S-H *^-ir #4 ^ SUfe 
s. #SBH#* T^445l. €2flH*^ ^144 2fl'^14 4'^li^.S'Hl Tfl4 4*14. 



£ 11* 42:44, 4s4± 40* 440I4. 44(40)^: 44'^1'H 444 4*1 44^144, 4-&(SiC). ^e1^ 

(Si), 41-ai^(GaAs), 4f- 4<='ls44H(GaN) 4 44 441-(ZnO)s. ol^ol4 5^ 4«i4 444£ "4 
44. 714(40)* ^44^ »4i 44 44* 44(40)4 44°fl ^4444 714(40) ^^^4 ^ 44. i 
» 1-4, 44(40)^1 44<='H 444 4-f . 444 :ii 4^ 44(40)4 ^^°il4 1-4*4 ^^4 

4^01 ^A^i ^ ojj7^ 71^(40)^1 451^ ^>^oi T^o,^ 71^(40)21 ^i44 ^^#5)711 44<^1 ^41 44. i 
4, p^ 44* 21^1 (ridge) ^Efla ^44^ 44* 47] 4^1- 4£^1#4 ^#S|7ll ^44 ^£ 44. 

:j- 4^* ^ 2-i 4^171- 4* ^ 44. 
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S. ^^^^ Sl--tl- tt£^fl#(42). l-ellHf^(44) ^ £4^(wave guide layer, 46)±S. ^^^^o] 9X^. 
«-£S)l#(42)* III-V^ ^^1- ^^1- al:S.;Sll#o.s,*^]_ n-GaNf^*?! ^o] v}^^^^. aelol 

tf-nl^(Al)^ n- Al^Gai.^ Nf^(<^H, 0< x<0.2) ^f^^l ^o] 4f-aj§l-4, 

4*°^ Sl^t-]], t^ll- 1-1^ AlGaN^4 GaN^Je.^ ^^^^ a.^J^Ksuperlattlce)^^'^ ^ 91^. ^^"^l^iM" 
#EllH#(44)^ 71^(40) «ol-*^-^S.Sl % 2.H ^i^-S: ^ Sl^ ^^91 «>^^«>4. <^1# Ir^, #Hfl 

H#(44)sl ^7)1^ 0.5^ffli~1.7jtffli^:£olcf. '='1141, Jis^s11<^>^ ^<5] ^t^rii^l- ^^fl^ ^^HsURlolc}. ^et-x-], 

#2flH#(44)^ ^7] ^ 2^iii3l-^ ^ ^^91 ti>^3j«>4 ^^11- i^iii 4^ «M «J: 

£^11 ^d^fls] ^ siTfl ^vfe ^ atb «i-t2i*>4. #Hfl^#(44)^ ^^1^ n^]^] 

t^o]$_^6^ ^H]^ =L:^^t]- 1-?! ^olt)-. olfi). :g-ol #2flHf'(44)Sl ^^Tfl 71^(40)^ 

S-fil ^S-H ^ SiTll ^4. £.3l-f^(46)^ III-V^ ^^1- ^^l" wTrS^llt^S.^] , n-GaNf^"?] 

^o] 4^2l5>4. ?11ol;jj^ ^el-n^ l-^f^(M) *^f^(48)ol ^^^5)0] o^^d], #^j#(48)^ -f* 

^ai- #^#^1 ^<^1 wi-^2l«>:ii, iii-v^ ^t* *H^*<^151, ^ ?lf-(In)i: n]^s. 

t^^ffe InGaN^^l ^'^l B}^z\t}r\_ ^^^^(43)^ ol^il. ^o] cff..^ ^£ g|o.L^_ 1 ^X\<^] 

<y\]^] ^d^tt <^1<^1 cfl* ^i'i^ ^^l-^l-^l^i ^Ml^>7il ^d^^>S^2.s ^m^^. 

#(48) ^oHl ^}^%{50) ^ £54-f^(52)ol ^^j-aj^S. ^^j5)<>1 Sl4. '^H, ^d^> ^>^i#(50)^ ^d^l- 
iL^-i- ^'^l7l Hl^S. ^^D]^^ t-n-«}fe AlGaN*?! ^-^l wj-^^l^W, ^ll ^^1 ^^Hl^ll^i 

*v 44 ^-g: 4# "3=4 ^J-^#(5, 6)°d 5^4. £4#(52)-S: £^ l-^f] p^ "?] ^isqsl-ji^ £4 
#(46)4 l-^#ol4. 4°^, a ^7)1^ ^ ££.4 ^<^1^<^1 ^cfl7l- * ^ 9X^ ^^91 ^W^m], '^l* * 
^ 0.15/aii~ 0,2^1^ £71- 4^2|*>4. p^ £4#(52) ^J-^ p^ ^^l" «J:i^#(54)'^l ^^^l-H 514. p^ ^tl" «J: 
£^fl#(54)-& £^ l-^o] p^o] ^l<q§>3l ^^«- S]:£Sfl#(42)4 l-^*"?! 4t^44. 4'?]:, 

p-^ 41-«- «d£^fl#(54)^ ^ p^ ^^(nl£Al)o] ^H]5ls.S.p^ £4#(52)a.4£^ feTfl «M ^7l 

^J-^t, # ^4 4^#^ l-Sl S'='U #21131 #5!flH#a.4 ^^1* l-S ^^^1 #HflH#* 

^«1«:4. 



#sflH#(p.AlGaN)al 4'g^4^i-^#i H] «ll -^tfl ^ 0.3. Jl^ ^ ^ 4'§<^U, 4^* T^^t!:4. 
pf #ellH#* ?-«14^1 SJ-g-^^^ JL^ ^^4 ^"3 "S-^ '■d^'^] 7l-^4<^ ^la 

t #^^#(48)^1 ^Sl-l- wj-^l^ ^ Si4. a, *^^#(48)4 ^21, ^ (mismatch) ^1 e p 

^ #5fls.#-i- -f-HisH s^^o.^Mi. siioi;^-) 4oi^H ^^fl^ ^HeU-il* -t-^ di42l n3-4t T 5i:a, i4sl 

^i^J- ^ ^-a-* 4i4^ 514. £, p^ €2lls.#* ^HlsM ^S7l^ iEBi|oi 

4^ °v>^ €efl^*^ ^ ^6] 7]* fj-^O-S.^ ^ £H ^^i: ^-g 51 -a:^^ % 3-^4 
"S*^ 514. 



£ 125] (a) ^ (b)£^ 44 #sfl 1^ ^ ^'•'1^^ ^14 ^^Hl°11 5]*!: ?11<^1^-1 4'^1.2-^1: ^^^4^ i:^# 
oijui^ His. 4'^1'*1 ^^^S.-^!, #2flSl #2{|H#4 ^1144 «J-£(E„, )ti4 ■& #s))H#5l o\]^7.] 

«iS-(E,, ■) ^<^1 l-^^ t ^ 514. 4^2-1. ^4 4^#31 <^M^1 «J1H(E ,b )o11 tfl#5]fe ^ 

^4 4^f#^ -^l^i^l •fflH( ') 4^i #2fla] p^ #5(lH#fil iui^i H£^(Epe )°11 cfl-5-« ^ i^^l «>IS7} 
444^1 S^** °i ^ 514. ^a^^ E^^ ^ 44 #ell & ^'^'Hl 4* 4# 'a=4 -f 1- 4 

Aj#o] cHlui;^! tiflHlr-a: 44\fl4. 
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c-l 37fiS\ 4o]x] t^o]^^^^ tfiAj-o.^ -^^l^V^ 2^ eflo];^-] 40] o^c^o^ ^tal-S. «fl^-gr f-sfo.^ ^ojs. 

4 ^SH-t #3]a.7l ^t}<^, 4^ (complex) TMM (Transfer Matrix Method) -t- <^l^«><=i -^-^Sl^ ^ 

^1- ^711^ 4 = 711 *V ^ol:a, ;^12 Bjlo];^-! 4ol^H5^ #2fl = f^ ^i^i O.Sian ^^H^l 

1-Ell^^nV^ ^al^fEl, £4#2l ^7)1^ 45^1 ^o]x] 4ol^j£S^ ^12 5)lol;^^ 4<^liS.^4 

^ojsl, #2llS.f^fil ^Tlll- tb ^ol4. 

£ 13^ ^ol-7l ^1<^1^-1 4<^1^S.S1: ^^^t}^ n #€1- 4^'5fl ^AS.-^, tt-l^ti- 

^ p^ ^al ttltb ^^^^ ^cflsH i^llt ^<^14. 

i I3^1^i ^a^i Ri^ ce-g-slfe ^€1-* 44^:11, Rnl ^ Rpl€- ^z^- ^ p^ £4*i tfl^slfe 

^^i** 44111 D^, Re^ ^4 tll-g-Slfe g^il-* ^^m. a, ^^^i Rn2 ^ Rp2^ ^ p^ € 

ellH^i tfl-g-lJ)^ #^1-* 4Hl-iflal, Rn3 '^J Rp3^ ^ p^ ^t«- ^:£Sllf^oll tfl-§-5l^ #^1-* 4El-Va 

4. 

£ 13^ -f 511 l-^l- ^ p^ ^t«- ^4^1^ ^ 

Sl^-i: -a =r -islql ^4 ^mt^ ^^l-(Re)?lT;fl. S^l-^a: ^ p^ fiellHf' 

4 ^^■l-(Rn2, Rp2):a.4£ 

tb^, ^ ^-^-i^i 4<=>1-2.H ^2:1- ^;flsl-7l ^isH, ^7] ifl4 ^3 ^o]^ 4«'lis.54 ^<^1^ 

£. 14^ oHl cutb ^41: ^414 ^13 5)1<^14 4°1-2.H5 ts. 4e}'€ aEll^£S*<l, ■, • ^ 

^11 ifl4 ^13 2fl<^14 4015.S.501I ifl*!: 01=- 4^1-^ a2llsi-«'14. 51 141- ^<^1^* 7pj- ht]] ^-i- 

^ Slfe pS :e4#^ zl- ell<^l^ 4<^lis.S4 ^i4s. ^a^ll 4e1- ^4^* t 9X^. 

^m^s., £ 14» t^e]-^, ^ p^ S.^ ^1 4<^li!-HS4 p^ £^#31 ^ 

^14 0.12/im ^^Si<i ^ ^o]^o] ^tflol ji, #E}lHf^* St*H ^l2 ^ ^13 4<^1^H?4 ^-f, p^ 

T-^l7> 0.15/M~0.22m 4t2l47llfe 0.2/mi^£°114 ^<^1^<^1 ^ 4^ Si^]-. 

£ 15 ^fl4 £ 17-8: p% ^11 ^^1 ^13 511 ol;^-! 4<^l-2-S-2-^ ^S]-!- 4^^} 

^ aeil^£S4, a" ^t* 4El-ifli Si^4, £4*^1 ^^l7> ^a^7> ^tfl?} s]^ ^^lii4 ^ 

^-f "^1 ^aHfe £4#^S. 4-f ^1^. ^ ^tfl^ %S.B.^ p^ i4*-2.S 4^^1fe ^-i: 1: 514. 

4 E^oflAi ^S^J: Glmax. G2max ^ G3max^ 44 ^"^l^*^! ^^fl*?! :iSflHl:* 4E]-'fi4. 

^, E 151- f-2:4^, ^ll sll'^'l^-] 4°liH52i ^2.:£fe £4*^1 ^7117} o.Iim°^ ^ ^^^dn. p^ ^4 
^v\]7} o.i;ma.4 H ^S.^^ E4f^(-£^^^ 4-^«,Hi=)^s ^l^^lfe 1: ^ p^ E 

4^-4 ^^7> O.lfana.4 ^^^r 0.2im £fe 0.4;aii^ ^-f "fl %S.^^ p% E4#(E^^ -f^«<j-^) o.s ^Ife ^ 
* 1- ^ ^1^. 

E 16 ^ E 17-i- ^2:4^, m ^ >113 ^fl-^l^ 4«'1j2.H54 ^-f , ^EH.^ p^ ^4*^ ^^7> O^im^i ^ ^ 
^°Jcll, pS E4*si ^7ii7> oiii4 ;|^4 oia.4 ^-foflfe ^H^ ^4'?]: ^1 5^<^1^ 4<^1^H 
^31 ^-f 4 ^<a^ s-^i^ 4^^a4^ ^-i- ^ 514. 

^14 ^^-^l, E4t^ ^^171- ^cflsi ^o]^^ .^^ - ^^^ia.4 ^aH7> £4#^s ^l^^l 

Til si^c-ii, oi5j^ ^^i: sini4ji %o]s.o] 7i±^i^^ 31tii*!;4. 444, ^oi^ yv^^ 

^^^^y] a.4 S-Sr ?Bslol (^4)1- ^^4<^4 4£-^, eilo);g^ 4t!: <a7il ^^S-^l ^^]?\] 44. 



-8- 



•§-7fl^*l ^2001 -0077971 



£.4* + *^^* + ?^ £3[-f^)°11 ^^5]^ ^3.5.7} (broad) ft^^f^'H) -T-^Sj^ <a=S] 7^±S\7] nH^o^ ;5Jo.s. 



7l#^ A>^^ III-V^ ^^1- ^£fll#<^l <*>Td ^^1- ^H^f'* O]^^ ^O]^ t^0]±^ ^S0|1 ^£ 



H>21- ^^<^1, ^ ^^^-a- AlGaN/GaN^ ^#<^1 °M AlGaN/InGaN^ ^t-^l 

5| fi.^^ 4^ <a=4 ^J-^* ^ §1-4 ^ ^'^^ ^d^^ ^^1*1.714 ^ 

t^s^ ^4i^i 4^^ <S=4 ^4 ^4 4^i#* ^^14^ ell<^l^i 4°li2.Hl- 

^1^*4. 44^i, ^ t'^'i filtt 511<^1^ 4<^l^s* <^l-§-«l-fe ^^ofl 4*4 3:41: ^* SI4. 



^ S14. 

2. <^14 t^, AlGaN/InGaN ^BA^l fi.^ 4^ ^^4 ^J"^^ ^^°\] ^Hel]y i^l- (strain compensating) °1] s^^fl 511 

^*^s.*<1 B^lojx-] 4oiiLH ^issflql* c]^ ^4i4« ^ 14 i^4<^l:i* T^^^fe 4 l-^f'si 

* 'i^4* ^ S14. 

3. p^ ^17^^^^^, p^ 1:^1- 31 i^* feo^ ^i*J-* ^^4 ^as. ^-a-^l ^«il^<^l f'7>£l 

4. p^ #2flSf'«>l ^H1514 ^*0.S.^_ €EllH#Sl ^^ofl ^^51^ Jl^ «->^#fil WJ- 

xi^ ^ SXjl, 44^i 211 4<^UHfil ^^o] ^Aj.^4. 

5. *^4i4sl (lifetinie)<^l ^o]^2L p^ m^B.%S] ^^4 ^Tgo] aJ^^ ©.s-Xj 40]^ 
HSl >I1S ^^^1 ^^^^4. 

(57) ^Fr-al ^S^l 

1. 
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0< x< 1 olet- It t^, 

GaN^l ^^1- ^£^5. ^^^^ tt^f-; ^ 



^"^^^ 2. 

4 1 91^^, 

^^y] ^c^^**^ ^i-5>-f zj-^ GaN t-1 ^* t}^ ^^7\ :% 

InxGai.^ Nf^^InyGai.y N#s) In^Gai.^ Nf^4AlyGa,.y Nf^^l ^f, In^Gaj.^ N#4 I 
nyAl^Gaj.y.^ ^f^, In^^Asy Gaj .^.y KGai.^ Nf^^ ^ KAsyGai.^.y N^^l-AlyGai.y 

N#S] ^f^* <Hi^ ^f^O] OjAV ^j^Sjo] t:|.^ OJ:;^]. ^§ -^-SS^^j^ ^OlJl, 0<X< l^lol, 0<y< 

10] Jl, 0^z< I^loL, x+y< l^lB^, y+z< 1^1 ^-i: ^^^S. «>fe cj-f^ <g=:^> ^J-^# 7>?1 ^^1- aVi^ l-^:i;^K 
^1 1 ifl^l ^1 3 *J- f- t!r Sl<H^i, 

0< x< I'sl-H, 0^y< \'^\^,y.>y'ik'%.A,%A "^A "^A AlxGal - xNf^sf Al yGaj.y Nf^^ ^# 

^ ^4 1^ A AlxGal -xNf^^sl -f-^.^, ^^J^l^ A^ "^A ^j-^S^I ^"i^ ^* 

^^0.3. cf^ <3:;^} 71-^ ^£^1 ^i^±.A. 

^=t^^ 5. 

0< x< l<^l:il, 0^y< 1<^1T^. x> yef 

tff' "S^l- ^J-^t^ ^71 AlxGai.x Nf^^l- AlyGai.y Nf^S) ^t* ol-4 -8-7] GaN^l"^ 
^^^5)^ 4^ <g:x> ^j-^l-fil oflvix] §^1- 4 a Til :5J* ^^-^^ "iA ^J"^* 7>^ «V£^ 



0< x< 1<^1 Jl, 0^y< l<^ln^, x> yeh "t i4| 
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STfl ^^^Slfe -a^;^} iuixl §^1: c}.e7ll ^^l^S sfe cf^ <a=^l- ^J"^* 7>^ 

^ 1 *J- ifl^l ^1 3 «J- f">1:^ 9X^^, 
0< x< 1<^1&1- i}^, 0< 1^15} % 

^1-71 of^} ^J-^f^^ Al.Ga,.^ IriyGai.y 2Sl o]^^ nV^ ^%-t}<^ i^^l «flH7|- ^■ 

°^^> ^3:1- ^^^S o-s. sV^ 4^ <g=^> ^J-^* 71-^ avi^l «y:^4i^>. 

^1 7 *oHl Sl^^i, 

•^1-71 °M ^J-^f^^r ^>7l Al^Ga,., N*3!^ InyGai.y N^^ ^#1- ^1-4 ^^7] Al^Gai., N%iS] ^^s. 45 

Tfl *M ^^^51^ -a^^v ^j-^*^ 'Hm^i ^^tb ^* 51-^ c)-^ <a=xi- ^j-^* 7>^ ^^«- 

^1 7*J-i Sl'H^i, 

^7] ^f' ^^^f Al^Gai.^ Nf^4 inyGai.y ^f^l: 44 InyGaj^y Nf-l:^ ^^1* 4^711 

^''i^^ 4* <3=4 iui;^l §^1- 457)] oj:^ 7].^ «v 

^T^*^ 10. 

^1 7 Sl<H^i. 

^7l 4§ <a=;^]- ^7l Al;,Gai.^ N#4 InyGai.y Nf^2^ ^f^s- 44 >5i>7l Al^Gaj.^ N^^^ AI f"^* 4 

STil t}c^ 4^ "a^^l- ^J-^l-fi^ iH^l S^l* 4^711 ^^tt ^^±s. 4^ -a^^} ^J-^* m 

11. 

7l^; 

^7l 71^ :t i^V^o] ^o14^ 

^J-71 71:^:4 ^j-71 tt^if^ Al-ololl ^M]S\6\ ^^7] 7]^ tg-^j^O.^^ ^^^^ Ij-^l sfi^ ^a]^ S. 

Sll<^1^1* ^^Vn^ l-^f-; 

^7l %Ad* ^H] ^al^ ^J-^*, :£4# ^ ^tl- ^^.£^1*; ^ 

£^1 ^^4:;^>. 
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^^n^*^ 12. 

^ 11 *J-<i Xl^^i, 

#eilHf^4 ^7] A>ololl ^HlJg ^ 

s].^ 

^^^*o^ 13. 

^1 11 *J- £fe ^ 12 SI'H'H, 

«:^^#^ 4^ '^^l- ^#(MQW) ^^1- III-V^ ^tl- ^^i^flf^^l ^-i: t}^ ^S}-*- «J: 

^n^^} 14. 

^^^^ 15. 

^1 11 *M Xl'H^i, 

>S-7l £4*3] ^S.^Si\. ^o]^o] 2|i:fl7> Sife 0.15^an~0.22/aii'?l ^* ^^^S. ^g^S ^ESfl 

16. 

11 5a°1^1, 

^7] ?llelcH ^o^f' Hfe 4^ o^T.} ^J-^f^o] S.;^ O.S. Sj-^ ^^^^K 

17. 

^1 16 *M ^1-71 4^ oj:;^} ^oM Al^Ga,.^ IriyGai.y Nf^(0< x< 1, 0< y< D^l 

^^7] InyGal -yN*#^ i^=7ll ^^i^^ "Sr^^^ °\\^^\ 4^7)1 ^^^tt 53* ^ 

18. 

^^7l n}^ <y=;^l- ^1-71 Al^Gaj.^ Nf^4 InyGai.y N*(0< x< 1, 0< nj-cf ^1-71 AlxGal - 

xN#So5 A,^^ * cf^Tll ^^5)^ ^■f' "S^V ^J-^l-Sl <^\^^^] §^1- i:fa7fl ^* ^■^^S. t}^ ^S^ 

1- ^^:t;^>. 
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^j^'t 19. 
20. 

^1 11 *M Sl^l^i, ^1-71 Al^olol 7l^, ^el3. ^]-^(SiC), ^2l^(Si), ^f-Hl :i (GaAs) , Sf" q-ojEe^-ojc 

(GaN) ^ 4^ ^V35-l-(ZnO)^ <^1^^^ ^f' <^i:: ^* ^^1.2.^ Sfe ^^S" «s^^i^K 

SI'S! 

E^a 1 



p-GaN 
p-AI xGai-x N 



n-GaN 



4 
3 

1 

2 

2 (In yGawN) 
1 (In yGai-y N) 
4 
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4(p-GaN) 








3(p-AI zGai-zN) 


1 \ 


[In xGai-x N) 




2{ 


[In yGai-y N) 






[In xGai-x N) 






[In yGai-y 


N) 




1 1 


[In xGai-x N) 






4(GaN) 
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3 



MQW^ 




} p-MQB 



8(GaN or InGaN) 
7(AIGaN) 

5lnxGai-x N/ln yGai-yN 
6 

InGaN/GaN 
GaN/AIGaN 
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\> p-MQB 



I ' InxGai'x N/ln yGai-y 

I InGaN/GaN } mQW 

I GaN/AIGaN J 



9(n-GaN) 
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SL-d 5 



MQW<^ 




5 lnxGai-x N/ln yGai-y N 
6 

InGaN/GaN 
GaN/AIGaN 



AIGaN/GaN 

;>n-MQB 

AlGaN/lnGaN 
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6 



9(p-GaN) 



] 



lnxGai-x N/ln yGai-y N 



] InGaN/GaN 
. GaN/AIGaN 



MQW 



>n-MQB 
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I 



^p-MQB 



8(p~GaN or p-lnGaN) 
7(p-AIGaN) 

5 lnxGai-x N/ln yGai-y N 
6 

InGaN/GaN 
GaN/AiGaN 



n-AIGaN/n-GaN 
} n-MQB 

n-AIGaN/n-lnGaN 
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L'fl. 8 



lnxGai-xN/ln yGai-y 
llnGaN/GaN >MQ\N 
GaN/AIGaN 



I 
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SL'd 9 




0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

o||U|x| (eV) 



-21 - 




S# (mA) 
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t'd 12 



AIN 
AlGaN 

AIGaN 



Eeb 



:nc 



GaN- 1 

InGaN 



Emqw 



-PC 



Eeb- 



I C nc 



I 



:mciw 



InN 



(a) 



(b) 



£?J 13 



2.65 



2.60 - 



niHit 

2.55 

rtiu 



2.50 - 



2.45 




24 
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14 
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(/an) 
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